Introduction {#sec1}
============

Monocytes are a heterogeneous population of blood phagocytic leucocytes that differentiate in the bone marrow. Inflammatory signals, such as chemokines, promote leucocyte diapedesis into damaged and infected tissues in order to recruit neutrophils within a few hours and "inflammatory" lymphocyte antigen 6c (Ly6C)^+^ monocytes 1 day later, herein initiating a cellular immune response ([@bib4]; [@bib42]). Ly6C^+^ monocytes exit the bone marrow and extravasate into peripheral inflamed tissues, partly in response to chemokines that signal via C-C chemokine receptor type 2 (CCR2) ([@bib39]; [@bib45]). They differentiate into inflammatory macrophages and dendritic cells (DCs) that produce tumor necrosis factor (TNF), inducible nitric oxide synthase, and reactive oxygen species in response to bacterial and parasitic infection ([@bib34]; [@bib37]; [@bib39]; [@bib41]) and can stimulate naive T cells ([@bib17]; [@bib40]). Ly6C^+^ monocytes are also directly recruited to draining lymph nodes via the high endothelial venules ([@bib36]). They can produce type 1 interferons in response to viruses via a toll-like receptor 2-dependent pathway ([@bib5]). It is also believed that Ly6C^+^ monocytes play a role in chronic inflammation, such as the formation of the atherosclerotic plaque, because *Ccr2*-deficient mice on low density lipoprotein receptor- or apolipoprotein E-deficient backgrounds and a high-fat diet have decreased atherosclerosis ([@bib8]; [@bib10]).

A second population of blood major histocompatability complex (MHC) class II^negative^ myeloid cells, which lack the Ly6C antigen (and, thus, are termed Ly6C^low^ or Gr1^low^ monocytes), represents a distinct monocyte subset. They develop normally in *Rag*~*2*~^*−/−*^*Il2rg*^*−/−*^ mice, which lack lymphoid cells ([@bib2]). They are characterized by high expression of the C-X3-C chemokine receptor 1 (CX3CR1) and require the transcription factor *Nr4a1* for their development from proliferating bone marrow precursors ([@bib17]; [@bib22]). They crawl along the endothelium of blood vessels in a steady state, express a full set of Fcγ receptors, and mediate IgG-dependent effector functions in mice ([@bib2]; [@bib7]; [@bib44]). These Ly6C^low^ "patrolling" monocytes do not appear to share the functional properties of Ly6C^+^ monocytes. They do not differentiate into inflammatory macrophages or DCs following *Listeria* infection, and their extravasation is a rare event in comparison to Ly6C^+^ monocytes ([@bib2]). Ly6C^low^ monocytes were suggested to contribute to tissue repair in the myocardium ([@bib32]), and, in contrast to *Ccr2*-deficient mice, *Nr4a1*-deficient mice showed increased atherosclerosis ([@bib21]; [@bib23]). Thus, initial data suggested that Ly6C^low^ monocytes may represent an "anti-inflammatory" subset. However, this hypothesis failed to explain a large number of observations. For example, limiting the recruitment of Ly6C^low^ monocytes after traumatic spinal cord injury was proposed to contribute decreasing inflammation in this model ([@bib14]). Several studies on mouse models of lupus nephritis also suggested a proinflammatory role of Ly6C^low^ monocytes, in part via their activation by immune complexes containing nucleic acids ([@bib1]; [@bib38]).

Here, we characterize, in several of its key molecular mechanisms, the role of Ly6C^low^ *Nr4a1*-dependent monocytes in vivo as "accessory cells" of the endothelium. Ly6C^low^ monocytes scan capillaries and scavenge micrometric particles from their lumenal side in a steady state. A local nucleic-acid-mediated TLR7 "danger" signal increases their dwell time on the endothelium, a site at which they orchestrate the focal necrosis of endothelial cells that have recruited them, by recruiting neutrophils. TLR7-dependent necrosis is rapid, performed without extravasation, and leaves the basal lamina, tubular epithelium, and glomerular structures intact, at least initially. Phagocytosis of cellular debris suggests that Ly6C^low^ monocytes promote the safe disposal of endothelial cells at the site of recruitment. Therefore, Ly6C^low^ monocytes behave as "housekeepers" of the vasculature, although it is easy to conceive that their action might cause damage itself if the danger signal persists.

Results {#sec2}
=======

CX3CR1^high^ CD11b^+^ Ly6C^low^ Monocytes Are Enriched in the Microvasculature of the Skin and Kidney in a Steady State {#sec2.1}
-----------------------------------------------------------------------------------------------------------------------

Monocytes that adhere to the lumenal side of the endothelium of dermal and heart capillaries, cremaster, mesenteric vessels, and glomeruli in the steady state have been identified by intravital microscopy as CX3CR1^high^ CD11b (αM integrin)^+^ F4/80^+^ leucocytes ([@bib2]; [@bib22]; [@bib29]; [@bib44]; [@bib13]). Crawling CD11b^+^ CX3CR1^high^ monocytes are also present in the vascular network that ramifies around renal tubules in the kidney cortex ([Figures 1](#fig1){ref-type="fig"}A and 1B; [Movie S1](#mmc1){ref-type="supplementary-material"} available online). Analysis of monocyte tethering and adhesion in vivo indicated that crawling Ly6C^low^ monocytes are in constant exchange between the bloodstream and the endothelium, having an average dwell time of 9 min in the kidney microvasculature ([Figure 1](#fig1){ref-type="fig"}C; [Movies S2](#mmc2){ref-type="supplementary-material"} and [S3](#mmc3){ref-type="supplementary-material"}; also see [Figure 3](#fig3){ref-type="fig"}). Intravital imaging combined with intravenous (i.v.) immunolabeling of monocytes confirmed that all monocytes that crawled on the endothelium in a steady state expressed CD11b and CX3CR1 and lacked detectable Ly6C staining ([Figure 1](#fig1){ref-type="fig"}D; [Movies S2](#mmc2){ref-type="supplementary-material"}, [S4](#mmc4){ref-type="supplementary-material"}, and [S5](#mmc5){ref-type="supplementary-material"}). To investigate the extent of the association of monocytes with the endothelium of the microvasculature in a steady state, we compared the number of monocytes per μl volume in the peripheral blood, the vasculature of the mesentery, and the capillaries of the dermis (ear) and kidney cortex. The number of crawling of Ly6C^low^ CD11b^+^ CX3CR1^high^ monocytes/μl was at least one order of magnitude higher in the dermal and kidney cortex capillaries (10^3^ to 10^4^ monocytes/μl) than the number of Ly6C^low^ CD11b^+^ CX3CR1^high^ monocytes in the peripheral blood (10^2^ monocytes/μl) ([Figure 1](#fig1){ref-type="fig"}A). Antibody blockade of αL integrin (CD11a) detached monocytes from the vessel wall in vivo ([@bib2]), which resulted in a 50% increase in the proportion of circulating Ly6C^low^ over control monocytes ([Figure S1](#figs1){ref-type="fig"}), suggesting that the number of cells adherent at any time represent one-third of the total Ly6C^low^ pool that circulate in the peripheral blood.

Crawling CX3CR1^high^ CD11b^+^ Ly6C^low^ Monocytes Survey the Lumenal Side of "Resting" Endothelial Cells and Scavenge Microparticles Attached to It {#sec2.2}
----------------------------------------------------------------------------------------------------------------------------------------------------

The characteristic slow motion (10--16 μm/min) and complex tracks, which include U-turns and spirals, of Ly6C^low^ monocytes crawling along the endothelium suggested that they survey the endothelium ([@bib2]). Intravital microscopy, image deconvolution, and transmission electron microscopy (TEM) indicated that the crawling monocytes extended numerous and mobile filopodia-like structures in contact with the endothelium in the dermal and kidney cortex blood vessels of *Cx3cr1*^*gfp/+*^*;Rag2*^*−/−*^*;Il2rg*^*−/−*^ mice ([Figures 1](#fig1){ref-type="fig"}E, 1H, and 1I; [Movies S1](#mmc1){ref-type="supplementary-material"} and [S6](#mmc6){ref-type="supplementary-material"}). These filopodia or "dendrites" were also observed on human CD14^dim^ monocytes spreading in vitro and stained positively for LFA1 and filamentous actin ([Figure S1](#figs1){ref-type="fig"}). Crawling monocytes scavenged 0.2 μm and 2 μm beads that attach to the capillary endothelium in the kidney cortex following i.v. injection, as well as high-molecular-weight dextran (2 MDa; [Figures 1](#fig1){ref-type="fig"}F and 1G; [Movie S7](#mmc7){ref-type="supplementary-material"}). Uptake was not followed by their immediate detachment or extravasation. Rather, they can be seen crawling, or patrolling, on the endothelium while carrying their cargo for an extended period of time (e.g., \>25 min in [Movie S7](#mmc7){ref-type="supplementary-material"}). Consistently, mononuclear cells with the round or bean-shaped nuclei and granule-poor cytoplasm typical of Ly6C^low^ monocytes ([@bib17]) were observed in steady-state kidney capillaries by TEM. These cells were monocytic, not lymphoid, given that they were present in *Rag2*^*−/−*^*;Il2rg*^*−/−*^ mice. Pseudopodia that attached to the endothelium, and large endosomes that contained endogenous debris/microparticles were evident ([Figures 1](#fig1){ref-type="fig"}H and 1I). Thus, Ly6C^low^ monocytes scan the lumenal side of "resting" endothelial cells and uptake submicrometric and micrometric particles.

LFA1 and ICAM1 and/or ICAM2 Are Absolutely Required for the Crawling of Nr4a1-Dependent MHCII^neg^ Monocytes, but Chemokine Receptors Are Dispensable {#sec2.3}
-----------------------------------------------------------------------------------------------------------------------------------------------------

Consistent with antibody blockade of LFA1 ([@bib2]), monocyte attachment to the endothelium was reduced to 1% of wild-type (WT) in *Itgal*^*−/−*^ mice, whereas monocyte subsets were normally present in the peripheral blood ([Figures 2](#fig2){ref-type="fig"}A and 2B). Track analysis of intravital imaging experiments ([Figure 2](#fig2){ref-type="fig"}B; [Movie S4](#mmc4){ref-type="supplementary-material"}) comparing *Itgal*^*−/−*^ mice and their WT littermates demonstrated that αL integrin was absolutely required for monocyte crawling. The few remaining *Itgal*^−/−^ monocytes that attached to the endothelium passively followed the blood flow ([Figure 2](#fig2){ref-type="fig"}B). LFA1 (αLβ2 integrin) accepts several ligands, including ICAM1, ICAM2, ICAM3, and JAM-A ([@bib11]; [@bib30]; [@bib35]; [@bib43]). Crawling monocytes were still present in *Icam1*^*−/−*^ mice, though they were reduced by 50%, and were normally present in *Icam2*^*−/−*^ mice ([Figure 2](#fig2){ref-type="fig"}C). However, monocyte attachment to the endothelium was reduced to 2% of control in *Icam1/2*^*−/−*^ double mutant mice, and the remaining adherent monocytes passively followed the blood flow, a phenocopy of the *Itgal*^*−/−*^ mutant ([Figure 2](#fig2){ref-type="fig"}C). Thus, LFA1 and its ligand ICAM1---or ICAM2 in ICAM1-deficient mice---mediate adhesion and crawling of Ly6C^low^ monocytes to the endothelium.

Chemokine receptor *Ccr2* deficiency decreased by half the number of circulating Ly6C^+^ monocytes ([@bib39]), which are proposed to represent a precursor for Ly6C^low^ monocytes ([@bib46]). In the absence of *Ccr2*, Ly6C^+^ monocytes were decreased by ∼50%, as described, but the numbers of Ly6C^low^ monocytes in the bloodstream and crawling on the endothelium were unaffected in comparison to control monocytes ([Figures 2](#fig2){ref-type="fig"}D and 2E). *Cx3cr1* deficiency was reported to moderately decrease the numbers of circulating and crawling Ly6C^low^ monocytes ([@bib2]; [@bib3]; [@bib28]). *Cx3cr1*-deficient crawling monocytes displayed a normal patrolling motility and filopodia formation in vivo ([Figure 2](#fig2){ref-type="fig"}F), despite their number being reduced. Therefore, monocyte crawling on the endothelium does not require *Cx3cr1* or *Ccr2*. To test whether another chemokine, or a combination of chemokines, may be responsible for LFA1 activation and binding to ICAM1 and/or ICAM2, we performed intravital imaging experiments in mice after i.v. injection of pertussis toxin (PT), a potent inhibitor of G*α*~*i*~ signaling. PT treatment (up to 100 μg/mouse) did not affect the adhesion and crawling of monocytes on the endothelium ([Figure 2](#fig2){ref-type="fig"}G). Thus, it is unlikely that PT-sensitive chemokine receptor signaling controls the adhesion of Ly6C^low^ monocytes to the endothelium in a steady state. A positive control for the effect of PT is shown in [Figure 4](#fig4){ref-type="fig"}.

The transcription factor *Nr4a1* is important for the development of Ly6C^low^ monocytes from their bone marrow precursors in mice; circulating and crawling Ly6C^low^ monocytes being reduced by 90% in *Nr4a1*-deficient mice ([@bib22]). Additional analysis indicated that CX3CR1^high^ Ly6C^low^ CD11b^+^ I-A^−^ (MHCII^−^) monocytes were, in fact, virtually absent from the blood and from the endothelium of *Nr4a1*^−/−^ mice ([Figures 2](#fig2){ref-type="fig"}H and 2I). The remaining 5%--10% of Ly6C^low^ CD11b^+^ cells in the blood have a distinct phenotype in addition to being *Nr4a1* independent; they express I-A and intermediate levels of CX3CR1 and may represent a previously unrecognized subset of blood myeloid cells independent of both *Ccr2* and *Nr4a1* ([Figure 2](#fig2){ref-type="fig"}J, also see [Figure S1](#figs1){ref-type="fig"}), which will not be discussed further in this report.

Patrolling Monocytes Are Retained within Kidney Capillaries in TLR7-Mediated Inflammation {#sec2.4}
-----------------------------------------------------------------------------------------

Thus, *Nr4a1*-dependent monocytes scavenge the lumenal side of the endothelium in a steady state via a process that requires LFA1 with ICAM1 or ICAM2 interaction but not chemokine-receptor signaling. To evaluate the response of the patrolling monocytes to TLR-mediated signal in vivo, we painted the kidney capsule of *Cx3cr1*^*gfp/+*^ mice with R848 (Resiquimod, a selective ligand for TLR7 in mouse), Lipopolysaccharide (LPS), or PBS as a control ([Figure S2](#figs2){ref-type="fig"}). After R848 painting, the tracks of crawling monocytes inside capillaries increased in length, and their velocity decreased slightly ([Figures 3](#fig3){ref-type="fig"}A and 3B; [Movie S8](#mmc8){ref-type="supplementary-material"}). The duration of their attachment to the endothelium, or dwell time, increased 2- to 3-fold ([Figure 3](#fig3){ref-type="fig"}C). This resulted in a rapid, sustained, time- and TLR7-dependent increase in their number within the peritubular capillaries, which was very significantly different from the slight increase observed 3 hr after PBS painting (the latter possibly being due to phototoxicity) ([Figure 3](#fig3){ref-type="fig"}D). Retention of crawling monocytes inside capillaries was dependent on local TLR7 signaling, because there was no monocyte retention in *Cx3cr1*^*gfp/+*^*;Tlr7*^*−/−*^ mice in comparison to *Cx3cr1*^*gfp/+*^*;Tlr7*^*+/+*^ controls ([Figures 3](#fig3){ref-type="fig"}A--3D), although steady-state crawling itself was TLR7-independent ([Figures 3](#fig3){ref-type="fig"}A--3D; [Movie S8](#mmc8){ref-type="supplementary-material"}), and because there was no significant monocyte retention in kidney capillaries after i.v. injection of R848 ([Figure 3](#fig3){ref-type="fig"}D). In addition, LPS painting did not increase the number of crawling monocytes, in comparison to PBS control (R848-positive control is also shown for clarity; [Figure 3](#fig3){ref-type="fig"}D). I.v. injection of labeled antibodies against CD11b 4.5 hr after R848 painting indicated that crawling GFP^+^ CD11b^+^ cells were located inside capillaries ([Figure 3](#fig3){ref-type="fig"}E; [Movie S9](#mmc9){ref-type="supplementary-material"}). Moreover, the increase in GFP^+^ cells during the 4.5 hr of the experiment could be wholly accounted for by CD11b-labeled cells, indicating that the crawling monocytes had remained within the vascular lumen ([Figure 3](#fig3){ref-type="fig"}F).

A Chemokine Receptor Switch Is Responsible for Intravascular Monocyte Retention {#sec2.5}
-------------------------------------------------------------------------------

These data indicated that crawling monocytes are retained within the capillaries of the kidney cortex in response to a local nucleic acid signal. To eliminate the possibility that lymphoid cells are involved, the experiment was repeated in *Cx3cr1*^*gfp/+*^*;Rag2*^*−/−*^*;Il2rg*^*−/−*^ mice, and the results were identical ([Figures 4](#fig4){ref-type="fig"}A and 4B). TLR7 is expressed ubiquitously, including in endothelial cells ([@bib20]). After painting with R848, quantitative PCR (qPCR) analysis indicated that the expression of fractalkine (CX3CL1) in the kidney cortex is rapidly upregulated in a TLR7-dependent manner and independently of leucocyte adhesion ([Figure 4](#fig4){ref-type="fig"}C). I.v. injection of PT inhibited, in a dose-dependent manner, the increase in track length and displacement in response to R848 painting and the resulting accumulation of monocytes inside kidney capillaries ([Figures 4](#fig4){ref-type="fig"}A, 4B, and 4D). Thus, fractalkine was upregulated in the kidney, and G*α*~*i*~ chemokine-receptor signaling was required to retain monocytes in the capillaries by preventing their detachment from the endothelium. One obvious candidate to mediate this effect was the fractalkine receptor CX3CR1. Indeed, *Cx*~*3*~*cr1* deficiency prevented monocyte retention inside kidney capillaries in response to R848 ([Figures 4](#fig4){ref-type="fig"}A--4D). In a steady state, crawling monocytes are present, though they are less abundant in the vasculature of *Cx*~*3*~*cr1*^*−/−*^ mice ([@bib2]) ([Figures 4](#fig4){ref-type="fig"}D). In addition, Mac1 (αMβ2 integrin) blockade with neutralizing antibodies, which does not affect "steady-state" crawling behavior ([@bib2]) ([Figure 4](#fig4){ref-type="fig"}D), also prevented the accumulation of monocytes inside kidney capillaries ([Figure 4](#fig4){ref-type="fig"}D). Therefore, although G*α*~*i*~ signaling is dispensable for monocyte adhesion in a steady state, it is required in response to R848 in order to prevent the detachment of crawling monocytes and promote their intravascular retention, at least in part via fractalkine and CX3CR1 and αM integrin.

Intravascular Retention of Monocytes Is CCR2 Independent and Causes Neutrophil Recruitment {#sec2.6}
------------------------------------------------------------------------------------------

Although we did not reproducibly detect crawling granulocytes in the kidney capillaries of WT mice in a steady state by intravital microscopy or TEM, the above experiments documented the recruitment of GFP^−^ Gr1^+^ Ly6G^+^ cells, most likely to be neutrophilic granulocytes, crawling inside capillaries and forming clusters in the vicinity of the patrolling monocytes ([Figures 4](#fig4){ref-type="fig"}E and 4F; [Movie S10](#mmc10){ref-type="supplementary-material"}). TEM analysis of the kidney cortex of mice 5 hr after painting with R848 confirmed the recruitment of both monocytic cells and granulocytes in the vasculature ([Figure 4](#fig4){ref-type="fig"}G). Monocytes and neutrophils were attached to the endothelium of peritubular and glomerular capillaries ([Figures 5](#fig5){ref-type="fig"} and [S3](#figs3){ref-type="fig"}). However, we did not observe any example of monocyte or neutrophil diapedesis or the presence of neutrophils outside the capillaries. These results are consistent with data obtained by intravital microscopy. They also indicated that leucocytes were retained not only in peritubular but also in glomerular capillaries ([Figure S3](#figs3){ref-type="fig"}). Mice were not submitted to intravital microscopy in these TEM experiments; thus, leucocyte recruitment was independent from laser damage. Similar observations were made in *Ccr2*-deficient mice ([Figure 4](#fig4){ref-type="fig"}G), indicating that CCR2 is largely dispensable for the retention of crawling monocytes and the recruitment of neutrophils. However, both monocyte and neutrophil recruitment were severely decreased in *Itgal*-, *Cx3cr1*-, and *Nr4a1*-deficient mice ([Figure 4](#fig4){ref-type="fig"}G). Given that neutrophils do not express CX3CR1 and are present in normal numbers in *Nr4a1*-deficient mice, these data provided genetic evidence suggesting that monocytes recruit neutrophils after their retention in the microvasculature of the kidney.

Intravascular Monocytes Orchestrate the Rapid Necrosis and Disposal of Endothelial Cells {#sec2.7}
----------------------------------------------------------------------------------------

TEM indicated that the endothelium of the tubular capillaries was undergoing severe focal damage at sites where monocytes, and neutrophils were retained after TLR7 stimulation. Endothelium thickness was increased ([Figures 5](#fig5){ref-type="fig"} and [6](#fig6){ref-type="fig"}A), and endothelial cells were markedly swollen with rarefaction of the cytoplasm, blebbing from the plasma membrane of cytoplasmic fragments, loss of plasma membrane integrity, and release of cellular debris and damaged organelles, such as mitochondria, whereas the morphology of nuclei remained largely unchanged ([Figures 5](#fig5){ref-type="fig"} and [6](#fig6){ref-type="fig"}B). In addition, extracellular fluids accumulated in the subendothelial space, separating the endothelial cells from the basal lamina ([Figure 6](#fig6){ref-type="fig"}B). In some cases, endothelial cells were detached from the basal lamina and a monocyte was seen in contact with the basal lamina ([Figures 6](#fig6){ref-type="fig"}B and [S3](#figs3){ref-type="fig"}). Endothelial cell damage was limited to cells adjacent to a monocyte or a neutrophil, and the basal lamina was always preserved ([Figure 5](#fig5){ref-type="fig"}A). Monocytes adjacent to the damaged endothelial cells could be observed phagocytosing cellular debris and organelles such as altered mitochondria ([Figures 5](#fig5){ref-type="fig"}A and [S3](#figs3){ref-type="fig"}). These features corresponded to a "textbook" description of necrosis and also suggested a safe disposal of the endothelial cells debris and organelles by monocytes. Similar features were observed in *Ccr2*-deficient mice ([Figures 5](#fig5){ref-type="fig"}B, [6](#fig6){ref-type="fig"}A, and 6B). In contrast, endothelial damage was absent in *Itgal*-, *Cx3cr1*-, and *Nr4a1*-deficient mice after kidney painting with either PBS or R848 ([Figures 5](#fig5){ref-type="fig"}C, [6](#fig6){ref-type="fig"}A, and 6B). Therefore, focal necrosis of endothelial cells and phagocytosis of cellular debris required the presence of leucocytes on the endothelium and was *Cx3cr1*- and *Nr4a1*-dependent but largely *Ccr2*-independent. Altogether, these data indicated that patrolling *Nr4a1*-dependent monocytes orchestrate and are required for endothelial cell death and scavenge the resulting cellular debris in situ.

The Kidney Endothelium Retains Monocytes, which, In Turn, Recruit Neutrophils that Kill Endothelial Cells {#sec2.8}
---------------------------------------------------------------------------------------------------------

We investigated the signals responsible for monocyte and neutrophil recruitment by TEM and intravital analysis of TLR7-deficient bone marrow chimeric mice ([Figure 6](#fig6){ref-type="fig"}C). Expression of TLR7 on the host, but not on monocytes, was required for their recruitment in the kidney vasculature ([Figures 6](#fig6){ref-type="fig"}D and 6E). This indicated that the kidney endothelium recruits monocytes in response to a nucleic acid signal sensed via TLR7, consistent with fractalkine induction by R848 and fractalkine- and CX3CR1-dependent recruitment of monocytes (see [Figure 4](#fig4){ref-type="fig"}). However, the efficient recruitment of neutrophils required TLR7 expression on both the host and bone-marrow-derived cells ([Figures 6](#fig6){ref-type="fig"}D and 6E). Expression of TLR7 by the kidney and the retention of TLR7-deficient monocytes by the endothelium were not sufficient to recruit neutrophils. These data characterize a sequence of events and the successive requirement of TLR7 on the kidney for the accumulation of monocytes on the endothelium and on hematopoietic cells for the recruitment of neutrophils.

Endothelial cell necrosis was reduced to background levels in *Tlr7*^*host+/+BM−/−*^ despite the presence of monocytes ([Figure 7](#fig7){ref-type="fig"}A), suggesting either that monocytes require TLR7 to kill endothelial cells or that neutrophils are responsible for endothelial necrosis. Therefore, we selectively depleted neutrophils (by 90%) but not monocytes by intraperitoneal injection of an antibody against Ly6G 1A8 8 hr before R848 painting ([Figure 7](#fig7){ref-type="fig"}B). Neutrophil depletion from the periphery resulted in the severe reduction of neutrophils in the kidney, whereas monocytes were still retained ([Figure 7](#fig7){ref-type="fig"}C), and mostly abolished endothelial necrosis ([Figures 7](#fig7){ref-type="fig"}D and 7E). Therefore, the endothelium recruits monocytes, monocytes recruit neutrophils, and the neutrophils are, in turn, required for endothelial killing.

Consistent with a role of monocytes in recruiting neutrophils in a TLR7-dependent manner, fluorescence-activated cell sorting (FACS)-sorted Ly6C^low^ monocytes displayed a strong MEK-dependent proinflammatory chemokine and cytokine response to R848 in vitro, characterized by the production of the chemokine KC (C-X-C chemokine ligand 1; CXCL1), known to contribute to neutrophil recruitment, as well as several other proinflammatory mediators such as interleukin 1β (IL-1β), TNF, C-C cheomokine ligand 3 (CCL3; macrophage inflammatory protein 1α), and interleukin 6 (IL-6) ([Figure 7](#fig7){ref-type="fig"}F). Notably, this response appears to be relatively specific, or at least preferential, for TLR7, given that Ly6C^low^ monocytes responded very poorly to LPS stimulation both in vitro and in vivo ([Figure S2](#figs2){ref-type="fig"}), which is in contrast to Ly6C^+^ monocytes ([Figure 7](#fig7){ref-type="fig"}F) and consistent with data in humans ([@bib9]).

Discussion {#sec3}
==========

A Multistep Process Controls Intravascular Scavenging of the Endothelium and Removal of Endothelial Cells {#sec3.1}
---------------------------------------------------------------------------------------------------------

Our data indicate that intravascular patrolling, mediated by LFA1-ICAM1 interactions and independent of chemokine signaling, represents the first step of monocyte surveillance of the endothelium from its lumenal side. TLR7-dependent sensing of a "danger" signal by the kidney cortex then triggers the expression of fractalkine and intravascular retention of Ly6C^low^ monocytes by the endothelium. This process is Gα*i*-dependent and requires the fractalkine receptor CX3CR1 expressed by Ly6C^low^ monocytes and the αMβ2 integrin Mac1 ([Figure 7](#fig7){ref-type="fig"}G). The subsequent recruitment of neutrophils requires the prior retention of Ly6C^low^ monocytes and the expression of TLR7 by hematopoietic cells. Altogether, our data suggest that the activation of intravascular monocytes via TLR7 in prolonged contact with the endothelium is the mechanism that recruits neutrophils via the production of KC or other proinflammatory mediators. In the last steps, neutrophils, in turn, mediate the focal necrosis of the endothelial cells, and monocytes scavenge cellular debris, all from within the capillary lumen. Phagocytosis of cellular debris suggests the safe disposal of endothelial cells at the site of necrosis. Therefore, Lyc6C^low^ monocytes behave as "housekeepers" of the vasculature.

Earlier observations that Ly6C^low^ monocytes crawl on endothelia ([@bib2]; [@bib22]; [@bib29]; [@bib44]) and do not contribute to the pool of inflammatory monocytes that extravasate to give inflammatory macrophages and DCs in response to listeria infection in vivo ([@bib2]; [@bib17]; [@bib41]) are consistent with their intravascular function. Their MEK-dependent preferential response to TLR7 agonists is reminiscent of our earlier observation that CD14^dim^ human monocytes selectively respond to viruses and nucleic acids via a TLR7-8 MEK pathway ([@bib9]) and further suggests that Ly6C^low^ and CD14^dim^ monocytes share a common function in mice and humans, respectively.

Neutrophils damage endothelial cells when activated ([@bib47]; [@bib49]). There has been recent recognition that apoptosis was not the only mechanism underlying programmed or regulated cell death and that necrotic cell death can occur in vivo ([@bib15]; [@bib16]; [@bib19]; [@bib27]). Indeed, our data demonstrate that neutrophils can mediate endothelial cell death by necrosis in vivo. Activated neutrophils produce a variety of soluble and membrane-bound mediators that can contribute to necrosis, and additional investigation should explore the exact mechanisms responsible for neutrophil-mediated necrosis of endothelial cells.

Possible Relevance to Vascular Inflammation and Tissue Damage {#sec3.2}
-------------------------------------------------------------

The several steps that allow Ly6C^low^ monocytes to orchestrate endothelial cell death indicate a tight control of endothelial cell necrosis, which may be useful in avoiding excessive damage. However, as outlined above, it is easy to conceive that this process might become detrimental, particularly if the danger signal persists in situations such as atherosclerosis or systemic lupus erythematosus (SLE). For example, TLR7 is involved in several steps of the pathogenesis of SLE ([@bib6]; [@bib12]; [@bib48]), and subendothelial deposits of nucleic acids in immune complexes are a feature of a proportion of SLE patients ([@bib25]; [@bib24]). Activation of Ly6C^low^ monocytes and their human equivalent was reported in murine models of SLE and human patients ([@bib1]; [@bib33]; [@bib38]; [@bib9]; [@bib50]), and CX3CR1 blockade was proposed to reduce monocyte recruitment to the kidney and inflammation ([@bib26]; [@bib33]). Collectively, this literature raises the possibility that, although Ly6C^low^ monocytes would be expected to protect the endothelium, they could also paradoxically contribute to vascular and tissue damage in genetically susceptible individuals.

Revising the Leucocyte Diapedesis Model {#sec3.3}
---------------------------------------

Extravasation of leucocytes into inflamed tissues by the means of chemotaxis is a hallmark of inflammation, and it is unclear why monocytes and neutrophils did not extravasate in response to the local TLR7-mediated signal. It is possible that additional signals are needed. However, the accumulation of crawling leucocytes inside blood vessels may not always lead to extravasation ([@bib18]; [@bib13]). [@bib31]'s description of diapedesis 120 years ago in his ninth lecture on the comparative pathology of inflammation insisted that the accumulation and ameboid locomotion of leucocytes inside blood vessels was not always followed by extravasation. Intravascular leucocytes retained both ameboid motility and chemotaxis, and [@bib31] proposed that they sensed and obeyed signals from the inflamed tissues to stay inside blood vessels, a process called "negative chemotactism." Whether nucleic acids represent such a negative chemotactic factor in vivo is an interesting hypothesis that would have practical implications. The "choice" between extravasation and intravascular "retention" may also correspond to distinct properties of different leucocyte cell types. It is clear from the present study that the Ly6C^low^ subset of monocytes specializes in surveying the endothelium. Therefore, we suggest that interactions between leucocyte and endothelium may be best described by a revised model that takes into account subset-specific functions, time, and the response to individual stress signals, as opposed to the leucocyte extravasation model alone.

Experimental Procedures {#sec4}
=======================

Mice {#sec4.1}
----

Mouse strains are described in [Extended Experimental Procedures](#dtbox1){ref-type="boxed-text"}.

Antibodies and Reagents {#sec4.2}
-----------------------

Antibody clones and reagent manufacturers are described in [Extended Experimental Procedures](#dtbox1){ref-type="boxed-text"}.

Intravital Microscopy and Image Analysis of the Ear, Mesentery, and Kidney {#sec4.3}
--------------------------------------------------------------------------

Intravital confocal microscopy of monocytes in the ear and mesentery was performed as previously described ([@bib2]) with LSM510 Zeiss and SP5 Leica inverted microscopes. For intravital imaging of the kidney, we induced anaesthesia with a combination of ketamine, xylazine, and acepromazine, and the kidney was surgically exposed without removing the renal capsule or interrupting the blood flow and placed against a coverslip. Anesthesia was maintained by the inhalation of isoflurane in oxygen, and the animal was imaged for up to 5 hr (see [Extended Experimental Procedures](#dtbox1){ref-type="boxed-text"}). Cells in blood vessels were tracked and analyzed as described in [Extended Experimental Procedures](#dtbox1){ref-type="boxed-text"}.

Transmission Electron Microscopy {#sec4.4}
--------------------------------

The full methods for TEM are described in [Extended Experimental Procedures](#dtbox1){ref-type="boxed-text"}. In brief, kidneys were prepared as for intravital imaging but not illuminated. Instead, after 5 hr, the animal was euthanized and the kidney tissue was fixed in 2.5% gluteraldehyde overnight at 4°C. Samples were processed and sectioned to reveal superficial peritubular capillaries and glomeruli. Mononuclear and polymorhonuclear cells were counted for each grid square imaged. Endothelial thickness was measured from the outer edge of the nearest basal lamina to the lumen of the vessel to the outer edge of the lumenal side of the endothelial cell. We were careful to measure equivalent areas in all vessels. Oncocytic endothelial cells and the related features of subendothelial swelling, basal membrane exposure, mitochondrial abnormality, and phagocytosis were quantified and normalized per image and leukocyte.

Statistical Tests {#sec4.5}
-----------------

In the figures, the asterisk represents p ≤ 0.05 in an unpaired Student's t test. Otherwise, p values from unpaired Student's t test are indicated.

Flow Cytometry {#sec4.6}
--------------

Flow cytometry was performed as described in [Extended Experimental Procedures](#dtbox1){ref-type="boxed-text"}.

Multiplexed ELISA for In Vitro Cytokine Production {#sec4.7}
--------------------------------------------------

Multiplexed ELISA for in vitro cytokine production was performed as described in [Extended Experimental Procedures](#dtbox1){ref-type="boxed-text"}.

Animal Experiments {#sec4.8}
------------------

Animal experiments were performed in strict adherence to our United Kingdom Home Office project license issued under the Animals (Scientific Procedures) Act 1986.

Extended Experimental ProceduresMiceCx3cr1^gfp/+^, triple mutant CX3CR1 competent Cx3cr1^gfp/+^, Rag2^-/-^, IL2rg^-/-^ mice and CX3CR1 deficient Cx3cr1^gfp/gfp^, Rag2^-/-^, IL2rg^-/-^ mice, devoid of all lymphoid cells and in which monocytes are the only GFP-expressing cells, have been described previously ([@bib2]; [@bib17]). C57BL/6 (B6) mice were generated in-house or purchased from Harlan Laboratories or Charles River UK. Cx3cr1^gfp/gfp^, Rag2^-/-^, IL2rg^-/-^ mice were bred with B6 mice to produce Cx3cr1^gfp/+^, Rag2^+/-^, IL2rg^+/-^ mice. Tlr7 null mice (on C57BL/6 background) were previously reported ([@bib53]). Female B6 or Tlr7^-/-^ mice were crossed with male Cx3cr1^gfp/gfp^, Rag2^-/-^, IL2rg^-/-^ mice to generate male Cx3cr1^gfp/+^, Rag2^+/-^, IL2rg^+/+^, Tlr7^+/+^ or Cx3cr1^gfp/+^, Rag2^+/-^, IL2rg^+/+^, Tlr7^-/-^ mice respectively. Nr4a1^-/-^ (B6.129S2-Nr4a1tm1Jmi/J) mice ([@bib54]), lacking in Ly6C^low^ monocytes ([@bib22]) were purchased from Jackson Laboratories as frozen embryos, rederived in-house and bred from heterozygotes to provide knockout and wild-type littermate controls. Itgal^-/-^ mice, deficient for alpha-L integrin (CD11a)([@bib52]), crossed with UBC-EGFP mice ([@bib55]) (Jackson Laboratories), were a kind gift from Ronen Alon (Weizmann Institute of Science, Israel) and were bred from heterozygotes to provide knockout and wild-type littermate controls. Icam1^-/-^,2^-/-^ double knockout mice ([@bib51]) deficient in both ICAM1 (CD54) and ICAM2 (CD102) were a kind gift from Britta Engelhardt and Jen Stein (University of Bern, Switzerland). They were rederived in house as Icam1^-/+^,2^-/+^ and bred to produce double and single knockouts and knockout and wild-type littermate controls.Solutions and BuffersPhosphate Buffered Saline (-)Ca, (-)Mg (PBS; Life Technologies). PBS containing 1% Bovine Serum Albumin (w/v) (Life Technologies) and 0.1% Tween20 (v/v)(Sigma) is referred to as PBS-T. Hank's balanced salt solution (HBSS; Life Technologies) was supplemented with 20mM HEPES (Sigma). Opti-MEM serum free growth media (Life Technologies). Mouse RBC lysis buffer contained 8.3g NH~4~Cl 1g NaHCO~3~ 1mL EDTA (100mM) in 1L ddH2O. PBS containing 0.5% (w/v) BSA and 2mM EDTA (PBS-BSA-EDTA). Electrom microscopy (EM) fixative was 2.5% EM grade gluteraldehyde in 0.1 M phosphate buffer pH7.3. Tris-EDTA (TE).Antibodies and ReagentsAnti-human CD11a (Clone 38; Autogen Bioclear), DAPI (Invitrogen), Phalloidin AlexaFluor488 (Invitrogen), Vectashield Hard Set mounting medium with Prolong Gold Anti-fade (Vector Laboratories). Anti-mouse CD11a (M17/4; BD Parmingen). Rat anti-mouse CD11b PE, NA/LE, PE Cy7 or AlexaFluor647 (M1/70; BD Pharmingen), Rat IgG2b isotype control (A95-1; BD Pharmingen), Anti-mouse Gr1APC (Ly6C/Ly6G; RB6-8C5 BD Pharmingen), Anti-mouse Ly6G (1A8; Bio X Cell). Rat IgG2a isotype control (2A3; Bio X Cell or BD PharMingen) anti-mouse Ly6G PE (1A8; BD Pharmingen), Anti-mouse CD115 FITC (CSF1R; AFS98 BD PharMingen), Anti-mouse CD16/32 (2.4G2BD Pharmingen), Anti-mouse CD3 Biotin (145 2C-11; BD PharMingen), Anti-mouse NK1.1Biotin (PK136; BD Pharmingen), Anti-mouse CD19 Biotin (1D3; BD PharMingen). Streptavadin Pacific Blue (Invitrogen). Anti-mouse I-A(b) PE (AF6 120.1 BD Pharmingen) Anti-mouse I-A/E FITC (2G9 BD Pharmingen). Anti-mouse LAMP1 (Rabbit polyclonal; Sigma). DyLight 549 goat anti-mouse IgG2a (Jackson Immuno Research). MEK inhibitor PD98059 (PD; Enzo Lifescience), R848 (InvivoGEN) and LPS from E. Coli 0111:B4 (\#L4391; Sigma). Pertussis Toxin (PT; Tocris \#3097). R848 was reconstituted at 1 mg/ml with sterile water. LPS was reconstituted at 1 mg/ml with sterile PBS.Generation of Bone Marrow ChimerasBone marrow (BM) recipient 6-week-old male C57BL/6 or *Tlr7*^*−/−*^ mice were exposed to a single lethal dose of 10Gy total body irradiation. Irradiated mice were allowed to rest for 3 hr. Sex and age matched donor *Tlr7*^+/+^ (*Cx3cr1*^*gfp/+*^, *Rag2*^*+/−*^, *Il2rg*^*+/+*^, *Tlr7*^*+/+*^) or *Tlr7*^*−/−*^ (*Cx3cr1*^*gfp/+*^, *Rag2*^*+/−*^, *Il2rg*^*+/+*^, *Tlr7*^*−/−*^*)* mice were sacrificed and BM cells were harvested in RPMI (Sigma; supplemented with 1% Penicillin/Streptomycin). 3x10^7^ BM cells (in PBS) were injected iv via the tail vein into the congenic irradiated mice. Chimerism was assessed by flow cytometry after 6 weeks of BM reconstitution and mice were used for experiments 7 weeks after BM reconstitution.In Vivo Depletion of Neutrophils7-8 weeks-old C57BL/6 mice were injected ip with 10mg/Kg of body weight neutrophil-depleting anti-Ly6G (clone 1A8; Bio X Cell, West Lebanon, NH, US) or isotype control antibody (clone 2A3; Bio X Cell). After 8 hr, neutrophil depletion was assesses by flow cytometry and the mice were subjected to kidney painting with R848 as below.Intravital Microscopy and Image Analysis of the Ear, Mesentery, and KidneyMicroscopyIntravital confocal microscopy of monocytes in the ear and mesentery was performed similarly to previously described ([@bib2]). Briefly, mice were anesthetized using a cocktail of ketamine (50 mg/kg), xylazine (10 mg/kg), and acepromazine (1.7 mg/kg) injected intraperitoneally and were kept at 37°C and received oxygen (0.5 l/min). Anesthesia was maintained by half-dose boosts delivered subcutaneously every 30 min (ear and mesentery model) or by continuous inhalation of 0.5% isoflurane in oxygen (Merial, Harlow, United Kingdom) in the kidney model. The mouse was positioned on a custom made aluminum tray stage insert with circular 2.5 cm diameter hole, covered with a glass coverslip attached with silicone grease. Images were acquired using either an inverted Leica TCS SP5 DMI6000 confocal laser scanning system using Argon-ion 488nm, DPSS 561nm, HeNe 633nm laser lines through 10 × 0.4 N.A. HCX PL APO and 20x 0.5 N.A PL Fluotar air objectives or an inverted Zeiss LSM 510 confocal laser scanning system equipped with 10 × /0.5 Fluar and 20x/0.75 Plan Apochromat objectives. A thermostat controlled heated chamber (Life Imaging Services) was used to keep the whole microscope, mice, tray, and microscope objectives at 37°C during the experiment.Dermal Blood VesselsMice were anesthetized and the inside of the unshaved ear was placed in a drop of PBS directly against the coverslip and held in position with tape over a second small square coverslip to hold it in place. 80 μl of TRITC conjugated 70kDa dextran (70 μM) was injected intravenously if using *Cx3cr1*^*gfp/+*^, *Rag2*^*−/−*^, *IL2rg*^*−/−*^ or *Cx3cr1*^*gfp/gfp*^, *Rag2*^*−/−*^, *IL2rg*^*−/−*^ mice. In other mice, 10 μg PE-conjugated anti-CD11b (M1/70) or APC anti-Gr1 (Rb6-8c5) was injected intravenously, to stain the CD11b+ and Gr1+ cells and circulating unbound antibody revealed the blood vessels. Imaging was performed as described previously using the Zeiss LSM510 ([@bib2]), or using 10 × 0.4 N.A. HCX PL APO and 20 x 0.5 N.A PL Fluotar air objectives on the Leica SP5 with 488 and 561nm laser lines for GFP and PE respectively. Emission wavelengths were selected using the spectral scanning head to exclude cross channel bleed-through.Mesenteric Blood VesselsMice were anesthetized and the skin and peritoneum were carefully cut and the longest portion of the intestine (proximal to the colon) was placed on the coverslip. To avoid perturbation by intestinal peristalsis, the intestine was immobilized using small sheets of paper. Vessel walls of the branches of the mesenteric vein and mesenteric artery were detected by bright-field transmitted light imaging. Images were acquired as described ([@bib2]), or using 10 × 0.4 N.A. HCX PL APO and 20 x 0.5 N.A PL Fluotar air objectives on the Leica SP5 with 488 and 561 nm laser lines for GFP and PE respectively. For intravital phenotyping experiments, anti-CD11b PE (10 μg) and/or anti-Gr1APC (10 μg) was injected intravenously. For steady-state intravital Gαi blocking experiments 100μg pertussis toxin (PT) was injected intravenously and the mice were imaged 2 hr later.Kidney Peritubular CapillariesMice were anesthetized and the fur from the left flank region was removed using a hair trimmer. The left kidney was surgically exposed without removing the renal capsule or interrupting the blood flow, and placed on the coverslip on PBS-soaked strips of paper. The animal was further stabilized on the stage by two strips of tape applied gently over the front and back legs of the mouse. In order to visualize the blood vessels 120 μl of TRITC conjugated 70kDa (70 μM) or 2 MDa (2 μM) dextran was injected intravenously. Images were acquired using 20x 0.5 NA PL Fluotar air and 40x 1.25 NA APO CS oil objectives on the Leica SP5 with 488, 561 and 633nm laser lines for GFP, PE and APC respectively. For intravital phenotyping experiments, anti-CD11b PE (10 μg), anti-Gr1APC (10 μg) or anti-Ly6G PE (10 μg) was injected intravenously. For beads-scavenging experiments, 20 μl 2 μm TRITC-labeled beads were injected intravenously 5 min after starting imaging.Direct Treatment of Kidney with R848The kidney was initially preimaged for 15 min. Then, (t = 0), 400 μl R848 or LPS 0.5 mg/ml was applied over the exteriorized kidney in order to induce kidney inflammation, and the animal was imaged for further 5 hr. As a control, the kidney was painted with PBS alone. For intravital Gαi blocking experiments 50 or 12.5 μg (dosage used stated in figure) PT was injected intravenously at t = 0 simultaneously with R848 kidney painting and the kidney was imaged for further 5 hr as previously. For intravital CD11b (Mac-1) blocking experiments 4 mg/kg anti-CD11b NA/LE or Rat IgG2b isotype control was injected intravenously at t = 0 simultaneously with R848 kidney painting and the kidney was imaged for further 5 hr as previously.Analysis of the Number of Crawling Monocytes per μl VolumeBlood vessels were fitted with "isovolumes" using Imaris software (Bitplane) to calculate the imaged blood vessel volume. The sum of the fitted volume was calculated and the number of crawling monocytes within this volume quantified at 4-5 different time points. The number of crawling monocytes per time point was then was then divided by the volume calculated in μl.Cell Track AnalysisTo produce summed fluorescence images over time from differentially labeled cells, time-lapse z-stacks were individually maximally projected, then complete track paths were then generated by maximally projecting each snapshot of the time-series into a single image as described previously ([@bib2]). To compare crawling monocyte paths in different knockout animals and in in vivo blocking experiments in the mesenteric vessels, cells were tracked using the autoregressive-motion algorithm and filtered for a minimum track length of 30 μm from their origin and a minimum track duration of 3 min, then were manually assessed and edited for track continuity. Motile tissue GFP^+^ cells were excluded by masking. For the kidney, the numerous GFP^+^ cells made manual tracking of each individual monocyte necessary. In the kidney capillaries each cell was manually tracked (by marking its position in each snapshot of the time-series), accurate z positioning was achieved using a software function that automatically positions the point at the center-of-mass of the fluorescent signal in z. For each field, tracks were 'translated' to a common origin in space to allow direct comparison (number, direction and displacement). Tracks were then quantified for number, speed, length, duration, displacement and confinement ratio (defined as the quotient of track length and track displacement).Transmission Electron MicroscopyMice were anesthetized and the left kidney was exteriorized as before. Without any illumination or imaging, the animal was placed on a Petri dish, and transferred to a temperature controlled recovery chamber set at 37°C. The kidney was painted with R848 or PBS as a control. After 5 hr, the animal was euthanized and the kidney removed. The kidney was halved to just leave the half that was lying in the R848 solution, the tissue was sliced into approximately 1mm thick slices and fixed in 2.5% gluteradehyde (v/v) in 0.1M phosphate buffer (pH 7.3) overnight at 4°C. Subsequently samples were washed several times in phosphate buffer and postfixed in 1% osmium tetroxide in 0.1M phosphate buffer pH7.3 for 1.5 hr at 4°C. Samples were then washed, dehydrated in a graded series of ethanol and equilibrated with propylene oxide before infiltration with TAAB epoxy resin (TAAB Laboratories Equipment, Reading, UK). Tissue slices were cut into smaller pieces just before embedding and polymerized at 70°C for 24 hr. Ultrathin sections (70-90 nm) were prepared to reveal superficial peritubular capillaries and also slightly deeper to reveal glomeruli using a Reichert-Jung Ultracut E ultramicrotome (Leica), then mounted on 150 mesh copper grids, contrasted using uranyl acetate and lead citrate. Samples were imaged using a CCD camera (Hamamatsu) contained in a digital imaging system (AMT) and H7600 transmission electron microscope (Hitachi) at 75kV.TEM QuantificationMononuclear and polymorphonuclear cells were counted for each EM grid square imaged. Endothelial thickness was measured from the outer edge of the nearest basal membrane to the lumen of the vessel to the outer edge of the lumenal side of the endothelial cell. Care was taken to measure equivalent areas in all vessels. Endothelial cell nuclei and the corners of vessels were not measured. 5-10 measurements were taken for 10 randomly selected vessels per grid and additionally categorized for the presence or absence of leukocytes in the blood vessel. Oncoytic endothelial cells and the related features of endothelial / sub-endothelial swelling, basal membrane exposure and externalized or abnormal mitochondria and phagocytic vesicles were counted and the number of such lesions where normalized to the number of images or images containing leukocytes for each experimental condition as noted in figure legends.qPCR of Murine Renal TissueKidneys were treated with R848, LPS or PBS as a control in vivo as above for 5 hr without imaging. After removal of the kidney capsule, approx. 5mg of kidney tissue (a 1mm x 1mm block) from the cortex was taken and frozen using liquid nitrogen immediately in a nucleic acid and RNase free microcentrifuge tube. Tissue was stored at −80°C until it was homogenized in RLT plus buffer (QIAGEN) containing 1% 2-mercaptoethanol (Sigma-Aldrich) by drawing through a 21 g hypodermic needle \> 15 times. Subsequently total RNA was purified using an RNeasy plus micro kit (QIAGEN), according to manufacturer's instructions. RNA was quantified by absorbance spectroscopy (Nanodrop) and reverse transcription was performed using Superscript III reverse transcriptase and first strand buffer (Invitrogen) and random hexamer primers (Fermantas) according to manufacturer's instructions (with the addition of RNasin; Promega). qPCR analysis was performed by the SYBRgreen method using a Rotorgene qPCR machine (QIAGEN) and SensiMix SYBR noROX qPCR mastermix reagents (Bioline) using the following primers: Gapdh, for 5′ATTGTGGAAGGGCTCATGACC3′ rev 5′TCTTCTGGGTGGCAGTGATG3′; 18 s, for 5′AACGGCTACCACATCCAAGG3′ rev 5′GGGAGTGGGTAATTTGCGC3′; *Cx3cl1 (fractalkine)*, 5′GCGTGCCATTGTCCTGGAGACG3′ rev 5′TTCGGGTCAGCACAGAAGCGT3′; *IL1b*, for 5′TGAAAGACGGCACACCCACCC3′ rev. 5′TTGCTTGGGATCCACACTCTCCA 3′ (Sigma); *Tnf*, Mm_Tnf_1\_SG QuantiTect Primer Assay QT00104006 (QIAGEN). mRNA was quantified using the standard curve method, samples were normalized using *18 s* or *Gapdh* mRNA concentration and expressed as fold change over control PBS treated kidney tissue.Statistical TestsWhere ^∗^ is used in the figures, p ≤ 0.05 in an unpaired Student's t test otherwise the *P* value is given in the figure. N for the experiment is given in the figure legend. Tests were performed using GraphPad Prism (GraphPad).Flow CytometryFlow Cytometry to Phenotype Mouse Blood MonocytesRed blood cell lysis was performed using mouse RBC lysis buffer (see recipe above) on 200-900 μl whole blood collected from the tail vein or by cardiac puncture. ∼2-12x10^6^ leukocytes were resuspended in PBS-BSA 0.5% (w/v) and blocked with anti-mouse CD16/32 for 10 min on ice, then stained with anti-CD3, NK1.1, CD19 biotin (Lineage Stain; Lin^−^), anti-CD115 FITC, CD11b PE Cy7, I-A(b) PE, Gr1APC and Strepavadin Pacific Blue, or anti-CD3, NK1.1, CD19 biotin (Lineage Stain; Lin^−^), anti-CD115 PE, CD11b PE Cy7, I-A FITC, Gr1APC and Strepavadin Pacific Blue. Samples were analyzed on a Aria II custom FACS (BD) with 405, 488, 561 and 633 nm laser lines. Lin^−^ cells were analyzed for CD11b, CD115, Gr1 and I-A expression. In order to analyze blood monocytes after R848 kidney painting, the following protocol was applied. The mice were anesthetized and the left kidney was exteriorized as previously. The animal was put on a petri dish, and then transferred to a temperature controlled recovery chamber set at 37°C. The kidney was painted with R848 or PBS as a control, and, at the indicated time points, blood was withdrawn by cardiac puncture with an EDTA-coated syringe for analysis with flow cytometry and the animal was sacrificed.Cell SortingMouse Ly6C^low^ or Ly6C^high^ monocytes were sorted from Lin (CD3, CD19, NK1.1)^−^ CD11b+, CD115+ gated cells using a Aria II FACS (BD) with 405, 488, 561 and 633nm laser lines. Human CD14^dim^ monocytes were sorted from RBC lysed whole blood as described previously ([@bib9]) into Opti-MEM (Life Technologies).Analysis of Circulating Blood Ly6C^low^ Monocytes after Blocking CD11a11 week old littermate male C57BL6 mice were warmed to 37°C and then either 4mg/kg IgG2a Rat isotype control (2A3; BD Pharmingen) or 4mg/kg rat anti-mouse CD11a (M17/4; BD Pharmingen) was injected intravenously via the tail vein in 100 μl 0.9% NaCl. 15 min later, 700-900μl blood was taken via cardiac puncture and the mouse was euthanized. RBC lysis was performed as above and the leukocytes were counted. Flow cytometry analysis was performed as above.Immunofluorescence Staining and Confocal Microscopy of Fixed Samples∼15^4^ Sorted human CD14^dim^ monocytes in HBSS were plated on 13mm glass coverslips that had been precoated overnight at 4°C with 3.5μg/ml human Fc-ICAM1 and 100 ng/ml recombinant human CSF1 (R&D systems) and blocked for 2 hr at room temperature with PBS-BSA 2% (w/v). Cells were incubated for 20 min at 37°C, 5% CO~2~ and paraformaldehyde solutions were preheated to 37°C then the cells were fixed for 5 min with 3% paraformaldehyde in k-PIPES pH6.5 and 10 min 3% paraformaldehyde in Sodium Borate pH11 at room temperature, then washed in PBS. Autofluorescence was quenched by incubating in 0.1mg/ml NaBH~4~ (sodium borohydride; Sigma) in PBS for 2 min. Cells were then permeabilized with PBS-BSA 1%- Triton X-100 0.1% for 5 min and washed with PBS-T. Following a 30 min incubation at room temperature with PBS-T, cells were incubated with anti-human CD11a (mAb 38) for 90 min and subsequently DyLight549 conjugated goat anti-mouse IgG2a and Phalloidin-AlexaFluor488 then mounted in Vectashield containing DAPI. Cells were imaged using a Leica SP5 with 405, 488 and 561 nm laser lines for DAPI, Phalloidin, and DyLight549 respectively, using sequential and spectral scanning to minimize cross channel bleed-through. A 63x 1.4 N.A. oil immersion objective was used to image the cells.Multiplexed ELISA for In Vitro Cytokine ProductionLin- CD11b CD115^+^ Ly6C^+^ and Ly6C^low^ monocytes were sorted from the blood of mice by flow cytometry as described previously ([@bib2]) and above. Monocytes (0.1x10^6^/ml) were incubated in medium (Opti-MEM) with or without the selective MEK inhibitor PD98059 (10 μM) for 45 min before addition of LPS (100 ng/ml; Sigma) or R848 (2 μg/ml; InvivoGen). Supernatants were collected after overnight incubation at 37°C. For cytokine measurements, plates were centrifuged, supernatant collected and stored at −80°C until analysis. IL1β, KC, CCL3, TNF and IL-6 cytokines were measured using the BioRad BioPlex murine cytokine kit according to manufacturer's instructions. Bead fluorescence emission was detected using the Luminex LX100 multiplex system (Luminex) and data analyzed using STarStation3.0 (Applied Cytometry) according to manufacturer's instructions.
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Movie S1. Monocyte Intravascular Crawling in the Kidney, Related to Figure 1The first sequence shows time-lapse intravital microscopy of the peritubular capillaries in the superficial renal cortex of a *Cx3cr1*^*gfp/+*^ mouse. The movie is shown at 120× real time. Green, GFP; red, i.v. injected; TRITC, 70 kd dextran. White arrows point out monocyte crawling intravascularly. The second sequence shows time-lapse intravital microscopy of a glomerulus depicting glomerular capillaries in the superficial renal cortex of a *Cx3cr1*^*gfp/+*^ mouse. The movie is shown at 120× real time. Green, GFP; red, i.v. injected; TRITC, 70 kd dextran.Movie S2. Attachment, Related to Figure 1Microscopy of a mesenteric venule in a *Cx3cr1*^*gfp/+*^ mouse. Intravital antibody labeling. The movie is shown at 120× real time. Gr1-GFP^+^ Monocyte attaches and crawls on the lumenal side of the vascular endothelium. Green, GFP; red, i.v. injected PE-anti-Gr1 (RB6-8c5). The white circle shows where monocyte attaches.Movie S3. Detachment, Related to Figure 1Time-lapse intravital microscopy of a mesenteric venule in a *Cx3cr1*^*gfp/+*^ mouse. The movie is shown at 120× real time. The GFP^+^ monocyte crawls and then detaches from the lumenal side of the vascular endothelium. Green, GFP. The white arrow points out monocyte that detaches.Movie S4. Intravital Labeling and Cell Tracking, Related to Figure 1Time-lapse intravital microscopy of a mesenteric venule in a *Cx3cr1*^*gfp/+*^mouse. The movie is shown at 120× real time. Shown are Cx3cr1-gfp (green) alone, then Cx3cr1-gfp (green) and i.v. injected APC-anti-Gr1 (RB6-8c5; cyan), then i.v. injected PE-anti-CD11b (red) alone. Cell tracks are subsequently shown overlaid on the movie. Finally, the track analysis process is shown schematically.Movie S5. Mac 1 Expression, Related to Figure 1Time-lapse intravital microscopy of the peritubular capillaries in the superficial renal cortex of a *Cx3cr1*^*gfp/+*^mouse. The movie is shown at 120× real time. The monocyte is labeled with i.v. injected anti-CD11b. Green, GFP; red, i.v. injected PE-anti-CD11b. The white arrow points out monocyte crawling intravascularly.Movie S6. Filopodia In Vivo, Related to Figure 1Time-lapse intravital microscopy of dermal blood vessels in the ear of a *Cx3cr1*^*gfp/+*^mouse. The movie is shown at 120× real time. The data originally presented in Auffray et al. 2007 were deconvolved with Autoquant blind deconvolution (using settings for confocal microscopy) to increase spatial resolution and then projected to reveal and emphasize "dendritic" appearance of crawling monocytes. Green, GFP; red, i.v. injected; TRITC, 70 kD dextran.Movie S7. Monocyte Scavenging, Related to Figure 1The first two sequences show time-lapse intravital microscopy of peritubular capillaries in the superficial renal cortex of a *Cx3cr1*^*gfp/+*^mouse where 2 μm TRITC-labeled latex beads have been i.v. injected and associate with the endothelium. The white circle points out a bead which is scavenged by a monocyte, which then continues to patrol. The movie is shown at 120× real time. Green, GFP; red, TRITC-labeled 2 μm latex bead. The third sequence shows -- time-lapse intravital microscopy of a peritubular capillary in the superficial renal cortex of a *Cx3cr1*^*gfp/+*^mouse. The movie is shown at 120× real time. A monocyte scavenges TRITC dextran from the endothelium. Green, GFP; red, i.v. injected; TRITC, 2 MDa dextran.Movie S8. Monocyte Retention by Capillaries via TLR7, Related to Figure 3Analysis of time-lapse intravital microscopy of peritubular capillaries in the superficial renal cortex of *Cx3cr1*^*gfp/+*^, *Tlr7*^*+/+*^, or *Tlr7*^*−/−*^ mice 0--5 hr after direct treatment of kidney capsule with R848 or PBS. Each dot represents a single tracked monocyte. The movie is shown at 120× real time.Movie S9. Intravascular Retention, Related to Figure 3Time-lapse intravital microscopy of peritubular capillaries in the superficial renal cortex of a *Cx3cr1*^*gfp/+*^mouse from 0--5 hr after direct treatment of the kidney with R848. At 4.5 hr, PE-labeled anti-CD11b is i.v. injected and labels the monocytes instantaneously showing that they remain intravascular. The movie is shown at 120× real time. Green, GFP; red, PE-anti-CD11b.Movie S10. Neutrophil Recruitment, Related to Figure 4Time-lapse intravital microscopy of peritubular capillaries in the superficial renal cortex of a *Cx3cr1*^*gfp/+*^mouse 4.5 hr after kidney painting with R848. I.v. injected anti-Ly6G label neutrophils. The movie is shown at 120× real time. Green, GFP; red, PE-anti-Ly6G.Document S11. Article plus Supplemental Information
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![Characterization of Ly6C^low^ Patrolling Monocytes in a Steady State\
(A) Left, isovolume-rendered blood vessels (TRITC dextran, magenta) and monocytes (GFP) from the dermis (ear), kidney, and mesentery. The scale bar represents 100 μm. Right, number of crawling CX3CR1^high^ Ly6C^−^ monocytes per μl in the dermal (ear), kidney, and mesentery blood vessels (left) and circulating CX3CR1^high^ Ly6C^−^ monocytes per μl (right). Geometric mean, 95% confidence interval, n ≥ 10 fields over ≥ 6 mice per condition.\
(B) Crawling monocytes (GFP) in a kidney peritubular capillary (left) labeled with CD11b PE Ab (inset) and a glomerulus (right). Capillaries are magenta (TRITC-labeled 70 kD dextran). Shown in the right inset is the TRITC channel alone. The scale bars represent 10 μm.\
(C) CX3CR1-GFP monocytes in a mesenteric blood vessel (top) and Gr1Ab staining (top, bottom); the white arrow follows a CX3CR1^+^ GR1^−^ cell. Time, min:s. The scale bar represents 40 μm.\
(D) Fluorescence signal summed over time in the mesenteric blood vessels for CX3CR1-GFP, CD11b Ab, and Gr1Ab. The scale bar represents 100 μm. Data are representative of n = 6 mice.\
(E) Deconvolved intravital imaging of CX3CR1-GFP-labeled monocyte in a dermal blood vessel (TRITC-dextran; magenta). Data are representative of \>10 mice.\
(F) Intravital imaging of 2 μm latex beads (TRITC, magenta) uptake in peritubular capillaries. The bead associates with endothelium (dotted circle) and is phagocytosed by CX3CR1^high^ monocyte. The scale bar represents 20 μm; time, min:s.\
(G) Uptake of 2 MDa dextran by a crawling monocyte (GFP) in a kidney peritubular capillary. The bottom shows an isovolume rendering of the same cell. The scale bars represent 10 μm.\
(H and I) Representative transmission electron micrograph (TEM) of a mononuclear cell (black arrow) in peritubular capillaries in a *Cx3cr1*^+*/gfp*^*;Rag2*^*−/−*^*;Il2rg*^*−/−*^ mouse. The black arrows in (I) indicate endosomes. The scale bars represent 1 μm.\
Also see [Figure S1](#figs1){ref-type="fig"} and [Movies S1--S7](#mmc1 mmc2 mmc3 mmc4 mmc5 mmc6 mmc7){ref-type="supplementary-material"}.](gr1){#fig1}

![CCR2-Independent, NR4A1-Dependent Ly6C^low^ Monocytes Require LFA1 and ICAM1 or ICAM2, but Not Gα*i* or CX3CR1, for Intravascular Crawling in a Steady State\
(A) Number and percentages of circulating monocyte subsets per ml of blood in *Itgal*^*+/+*^ and *Itgal*^*−/−*^ littermates quantified by flow cytometry. Mean ± SEM, n = 3 mice per genotype.\
(B) Number and representative tracks and vectors of crawling monocytes per hour per field in the mesenteric blood vessels of *Itgal*^*+/+*^ and *Itgal*^*−/−*^ littermates. Mean ± SEM; ^∗^, p ≤ 0.05; n = 4 mice per genotype. The scale bars represent 60 μm. Blue arrows indicate blood flow direction.\
(C) Data idem as in (B) for *Icam1*^*−/−*^, *Icam2*^*−/−*^, and *Icam1*^*−/−*^ and *Icam2*^*−/−*^ mice.\
(D and E) Circulating and crawling monocyte subsets and PMNs in *Ccr2*^*+/+*^ and *Ccr2*^*−/−*^ mice. ^∗^, p ≤ 0.05; mean ± SEM; n = 3 mice per genotype.\
(F) Representative tracks, vectors, and confocal micrograph of crawling monocytes in mesenteric blood vessels of *Cx3cr*^*−/+*^ and *Cx3cr1*^*−/−*^ mice (white, CX3CR1-GFP; magenta, TRITC-70kD dextran). The scale bars represent 10 μm. n = 5 mice.\
(G) Data idem as in (B) for mice treated with pertussis toxin (PT) 100 μg i.v. Mean ± SEM, n = 2 mice per condition.\
(H and I) Data idem as in (D) for *Nr4a1*^*+/+*^ and *Nr4a1*^*−/−*^ mice. Mean ± SEM, n = 6 mice per genotype.\
(J) Schematic representation of the monocyte subsets. The x axis represents I-A expression, and the y axis represents Ly6C expression divided by *Nr4a1* and *Ccr2* requirement.\
Also see [Figure S1](#figs1){ref-type="fig"} and [Movie S4](#mmc4){ref-type="supplementary-material"}.](gr2){#fig2}

![Retention of Crawling Monocytes in the Kidney Vasculature in Response to TLR7 Agonist\
(A) Representative monocyte tracks and vectors in the kidney cortex after painting with PBS or R848 in *Tlr7*^*+/+*^ and *Tlr7*^*−/−*^ mice over 5 hr. n = 3 or 4 mice per condition The scale bar represents 40 μm.\
(B) Track length and speed for monocytes from the experiments described in (A). ^∗^, p ≤ 0.05; mean ± SEM.\
(C) Mean track duration, track displacement, and confinement ratio of crawling monocytes from the experiments described in (A). ^∗^, p ≤ 0.05; mean ± SEM.\
(D) Left, cumulative number of crawling monocytes per frame from experiments described in (A). Middle and right, the same experiment split over two graphs for clarity after PBS, LPS, R848 painting, or i.v. injection of PBS or R848. Data points for the R848 painting are shown twice. ^∗^, p ≤ 0.05; n = 3-5 mice per condition.\
(E and F) Intravital imaging of peritubular capillaries in *Cx3cr1*^*+/gfp*^ mice after i.v. injection of CD11b-PE (magenta), 4.5 hr after R848 painting, and quantification of GFP^+^ cells in the kidney cortex and capillaries at t0 and 4.5 hr after R848 painting. n = 4, mean ± SEM. The scale bar represents 10 μm.\
Also see [Figure S2](#figs2){ref-type="fig"} and [Movies S8](#mmc8){ref-type="supplementary-material"} and [S9](#mmc9){ref-type="supplementary-material"}.](gr3){#fig3}

![Retention of Crawling Monocytes in the Kidney Vasculature in Response to TLR7 Agonist Requires Chemokine Receptor Signaling\
(A) Experiments performed idem as in [Figure 3](#fig3){ref-type="fig"} for *Cx3cr1*^*+/−*^*Rag2*^*−/−*^*Il2rg*^*−/−*^ or *Cx3cr1*^*−/−*^*Rag2*^*−/−*^*Il2rg*^*−/−*^ mice. The scale bar represents 40 μm. n = 3 mice per condition.\
(B) Data idem as in [Figures 3](#fig3){ref-type="fig"}B and 3C. ^∗^, p ≤ 0.05; mean ± SEM; n = 3 mice.\
(C) qPCR for fractalkine (*Cx3cl1*) messenger RNA in kidney cortex tissue from mice with the indicated genotypes 5hr after painting with R848 or PBS (n = 3--5 mice). ^∗^,p ≤ 0.05; mean ± SEM.\
(D) Data idem as in [Figure 3](#fig3){ref-type="fig"}D for the stated genotypes and conditions. Right, mice received control or blocking anti-CD11b Ab i.v. injection immediately prior to the experiment. ^∗^, p ≤ 0.05; mean ± SEM; n = 3--5 mice per condition.\
(E) Intravital imaging of peritubular capillaries in *Cx3cr1*^*+/gfp*^ mice 5 hr after R848 painting and immediately after i.v. injection of 10 μg Gr1-APC or Ly6G-PE antibodies. Mean ± SEM, n = 4 mice per condition.\
(F) GFP^−^ Gr1^+^ and Ly6G^+^ cells forming clusters in capillaries before and after R848 painting and proportion of clusters in contact with a GFP^+^ cells. n = 5 mice per condition, mean ± SEM.\
(G) TEM of the superficial kidney cortex from mice 5 hr after PBS or R848 painting. Cells/100 TEM grid squares; mean ± SEM; n = 4 *Cx3cr1*^*+/−*^ mice per condition, 2 *Cx3cr1*^*−/−*^ mice per condition, 2 *Nr4a1*^*−/−*^ mice per condition, 2 *Ccr2*^*−/−*^ mice per condition, and 3 *Itgal*^*−/−*^ mice per condition. ^∗^, p \< 0.05.\
Also see [Figure S3](#figs3){ref-type="fig"} and [Movie S10](#mmc10){ref-type="supplementary-material"}.](gr4){#fig4}

![Focal Necrosis of Endothelial Cells\
(A) Representative electron micrographs of kidney cortex peritubular capillaries 5 hr after painting with R848 or PBS from [Figure 4](#fig4){ref-type="fig"}G. Single arrow, basal lamina; double arrow, endothelium; ^∗^, fluid in the subendothelial space; M, mononuclear cell; PMN, polymorphonuclear cell; E, endothelial cell nucleus. In the PBS-treated healthy peritubular capillary, endothelial cells are flat and close to basal lamina. The R848-treated peritubular capillary shows a swollen necrotic endothelial cell, expanded subendothelial space, mononuclear cell phagocytosing mitochondria, and blebbing necrotic endothelium (images are from *Cx3cr*^*−/+*^*Rag2*^*−/−*^*IL2rg*^*−/−*^ mice).\
(B) Similar features to those represented in (A) are shown for *Ccr2*^*−/−*^ mice.\
(C) Representative healthy endothelium in R848- and PBS-treated kidneys from *Itgal*^*−/−*^, *Cx3cr1*^*−/−*^, and *Nr4a1*^−/−^ mice. Micrographs are representative of experiments analyzed in [Figure 4](#fig4){ref-type="fig"}G. The thick scale represents 5 μm, the thin scale represents 1 μm. Initial magnification was 15,000×.\
Also see [Figure S3](#figs3){ref-type="fig"}.](gr5){#fig5}

![Focal Endothelial Necrosis Requires Retention of Ly6C^low^ Monocytes, which Requires Expression of TLR7 on the Kidney\
(A and B) Endothelial thickness measurements and microscopic features from the TEM results described in [Figure 4](#fig4){ref-type="fig"}G. At least 30 capillaries were examined per condition. Mean ± 95% confidence interval (A) or SEM (B).^∗^, p \< 0.05.\
(C) Representative FACS dot plots from the blood of bone marrow chimera. Mean ± SEM, n = 5--8 mice per condition.\
(D) Intravascular mononuclear cells (left) and polymorphonuclear cells (right) quantified by TEM in bone marrow chimera. Cell counts are from individual mice. Mean and SEM, n = 2--5 mice.\
(E) Intravascular monocytes (left) and granulocytes (right) quantified by intravital microscopy in the kidney cortex of bone marrow chimera following R848 painting. Granulocytes (×10^2^) were quantified at 5 hr immediately after i.v. injection of the Ly6G antibody. Mean ± SEM, n = 3 or 4 mice per condition.\
Also see [Figure S3](#figs3){ref-type="fig"}.](gr6){#fig6}

![Neutrophils Kill Endothelial Cells\
(A) Endothelial cell microscopic features of chimeric mice described in [Figure 6](#fig6){ref-type="fig"}D expressed as the percentage of mononuclear cells (mono) or PMN-containing fields that present with the indicated lesions.\
(B) Representative FACS dot plots of peripheral blood cells of mice treated 8 hr earlier with Ly6G-depleting Ab (1A8) or isotype control (2A3). The arrow in the FSC/SSC panel indicates granulocytic cells, the percentage of Lin^−^ CD115^−^ granulocytes are indicated in red. n = 3 mice per group, mean ± SEM.\
(C) Presence of intravascular mononuclear (left) and polymorphonuclear cells (right) as quantified by TEM in mice treated with 1A8 or 2A3 8 hr before kidney painting with R848. n = 3 mice per group, mean ± SEM.\
(D) Endothelial cell microscopic features of granulocyte-depleted and control mice. n = 3 mice per group, mean ± SEM.\
(E) Representative peritubular capillary containing a monocyte from a 1A8-treated mouse.\
(F) Proinflammatory cytokine production in vitro by sorted Ly6C^low^ and Ly6C^+^ monocytes after 24 hr stimulation with medium alone or R848 (top) in the absence or presence of a MEK inhibitor (PD) or for medium alone or LPS (bottom) in the absence or presence of the MEK inhibitor (PD) (bottom). Multiplexed ELISA, n = 3 mice per condition.\
(G) Schematic representation of the molecular and cellular features of the interaction of Ly6C^low^ monocytes with the endothelium in a steady state and TLR7-mediated endothelial "safe disposal."\
Also see [Figure S3](#figs3){ref-type="fig"}.](gr7){#fig7}

![Phenotype of "Patrolling" Monocytes, Related to [Figures 1](#fig1){ref-type="fig"} and [2](#fig2){ref-type="fig"}\
(A) In vitro staining of a human CD14^dim^ monocyte spread on an ICAM and CSF1 coated coverslip. (Gray -- DIC, Cyan-- Phalloidin, Magenta-- α-CD11a, Blue -- DAPI).\
(B) Left - Leukocyte counts per ml for 11-wk old C57BL6 mice treated with isotype ctrl, or anti-CD11a Ab i.v. for 15 min. Right - representative dot plots (giving mean and SEM for each quadrant frequency) Ly6Clow, I-A- cell frequency is highlighted in red n = 4 mice per group.](figs1){#figs1}

![Response to R848 and LPS, Related to [Figure 3](#fig3){ref-type="fig"}\
(A) Application of R848 or LPS to the kidney capsule induces inflammatory cytokines. qPCR for *Il1b* or *Tnf* mRNA in sub-capsular kidney cortex of *Cx3cr1*^*−/+*^*; Rag2*^*−/−*^*; Il2rg*^*−/−*^ mice tissue treated in vivo by painting the kidney capsule with PBS, R848 (200 μg) or LPS (200 μg) for 5 hr n = 2-4 mice per condition. mRNA quantity was normalized to *Gapdh* and is expressed as fold change over PBS.\
(B) CD11b expression on circulating Ly6C^low^ monocytes after kidney painting with either R848 (top) or LPS (bottom). Representative histograms are shown (left) and cumulative data mean ± SEM right, n = 3 for R848, n = 2 for LPS.](figs2){#figs2}

![TEM of Kidney Capillaries 5 hr after Direct Application of PBS or R848 In Vivo, Related to [Figures 4](#fig4){ref-type="fig"}, [5](#fig5){ref-type="fig"}, [6](#fig6){ref-type="fig"}, and [7](#fig7){ref-type="fig"}\
Single arrow, basal lamina; double arrow, endothelium; M, shows mononuclear cell; PMN, polymorphonuclear cell; E, endothelial cell nucleus. White boxes indicate the high magnification areas.\
(A) Glomerular capillaries from *Cx3cr1*^*−/+*^*; Rag2*^*−/−*^*; Il2rg*^*−/−*^ mice. Left, PBS treated control glomerulus, endothelium is intact and close to basal lamina; Middle, R848 treated glomerular capillary containing mononuclear cell. Endothelium is missing and monocnuclear cell containing phagocytosed material sits directly against basal lamina (see higher magnifications); Right, PMN containing glomerular capillary with thickened area of endothelium.\
(B) Peritubular capillaries from wild-type B6 mice. Left, PBS treated control peritubular capillary; 3^rd^ from right, peritubular capillary containing mononuclear cell with necrotic and disrupted endothelium; 2^nd^ from right, peritubular capillary containing mononuclear cell with necrotic and disrupted endothelium and expanded subendothelial space; 1^st^ from right, peritubular capillary containing PMN with necrotic and disrupted endothelium and expanded subendothelial space. Images representative of 3 mice per condition. Thick scale bars = 5 μm, thin scale bars = 1 μm. Original magnification x15 000.](figs3){#figs3}
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